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Abstract: Island3 is an I1 mycobacteriophage that infects

Results
a)

Introduction: Bacteriophages represent a rapidly growing field of

To assay for defense and cytotoxicity, we cloned each gene into pExTra.
The cloning strategy placed the phage gene under the control of an aTc
inducible promoter and the reporter gene, mCherry, followed the
phage gene so that pink bacteria were an indication that bacteria were
expressing mCherry and also likely expressing the phage gene. Our
results showed that 14 of the assayed genes were cytotoxic, but none
showed defense. We are currently performing phenotypic assays on
the remaining genes in addition to starting bacterial two-hybrid assays
on several cytotoxic genes.

Figure 2: Representative results from molecular cloning into
pExTra. The results from PCR amplification of 5 Island3 genes
using gene specific primers (2a) and clone verification results of
gene Island3_44 after PCR amplification from chemically
transformed E. coli using pExTra-uni primers (2b).

Figure 1. pExTra cloning
vector. Phage genes were
cloned upstream of the
mCherry reporter gene and
downstream (and under
control)
of
the
aTc
inducible promoter.
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molecular cloning and phenotypic assay SEA-GENES workflow. We
have identified 14 genes in the Island3 genome that are cytotoxic.
So far, no genes have exhibited defense against the temperate
phages Island3 and Larva or against the lytic phages Beelzebub and
Roots.
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b)

scientific research, but 75% of annotated phage genes have no known
function. This represents a large gap in our understanding of phage
biology. Island3 is a temperate, I1 subcluster mycobacteriophage. Its
genome is 47,287 bp in length and contains 76 protein-coding genes;
however, only 17 genes have functions assigned by bioinformatics
(PhagesDB, 2022).

Discussion: We have moved almost 60 genes through the

Figure 4. Strategy for phage-host interaction assays. Phage
genes are recloned into p2Hα and electroporated into an M.
smegmatis library in which each bacterial gene is cloned in the
vector pCI. If the phage gene of interest interacts with a host
protein, both bla (conferring antibiotic resistance) and lacZ
(turns cells blue) will be expressed.
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Mycobacterium smegmatis mc²155. It has a total of 76 protein coding
genes, but only 17 of these genes have functions assigned by
bioinformatics. To discover the functions of the additional genes, we
cloned 72 of Island3’s genes and are assaying each gene product for
two functions when expressed in the host M. smegmatis: the ability to
reduce growth of the host (cytotoxicity) and the ability to protect the
host from infection by Island3 or another phage (defense). So far, we
have assayed more than 60 of Island3’s genes and found 14 genes that
exhibited cytotoxicity but none that exhibited definitive defense
against phage infection. We are currently analyzing the remaining
genes for cytotoxicity and defense. In addition, we are moving forward
with bacterial two-hybrid assays on two of the genes that exhibited
cytotoxicity, seeking to identify host proteins that interact with the
cytotoxic phage gene products in an attempt to understand the
mechanism of cytotoxicity..

Figure 3: Representative Cytotoxicity Assays. Plate images
of a gene that is not cytotoxic (top) and of a gene that is
cytotoxic (bottom). For these assays, the plates contained
0, 10, and 100 ng/mL of aTc respectively, and each plate
contains a triplicate of a single clone along with a positive
and a negative control all diluted to 10-5. In total, 14 genes
exhibited cytotoxicity: Island3_5, 6, 17, 18, 20, 28, 32, 36,
38, 39, 53, 63, 67, and 69. Note the bacteria are pink when
aTc induces expression of the phage gene and the
mCherry reporter gene.

Figure 5. Representative results from molecular cloning
into p2Hα. Island3_5 and Island3_39 (both cytotoxic) were
recloned into p2Hα and transformed into E. coli. Four
colonies per gene were assayed by PCR to confirm that the
colonies contained a construct of the expected size. These
plasmids will be electroporated into the pCI library and
assayed for antibiotic resistance and lacZ expression (blue
color).

Figure 6. GENES Workflow
For the Future: We are currently in the process of cloning and
performing cytotoxicity and defense assays on the remaining genes.
In addition, our research is investigating the genes that have been
identified as cytotoxic. Our goal is to understand how the protein
products of these genes interact with host proteins to produce the
cytotoxic phenotype that is seen. To do this, we are cloning
cytotoxic genes into p2Ha plasmids with which we will transform
B2H SELECT/pCI SMEG library reporter cells. The transformed cells
will be plated on B2H selection plates with carbenicillin. Genes that
interact with host proteins will lead to only those colonies surviving
and turning blue. These colonies will then go through a screening
process to make sure we have a true protein-protein interaction.
Once that is done, the host gene will be sequenced to identify it.
This will allow us to see which host protein the phage gene interacts
with and hypothesize about what its mechanism of action might be.

Methods and Materials: Molecular Cloning: We amplified each gene from high titer lysages, ran the products on gels,
and purified with column or gel purification. Purified gene inserts were cloned into pExTra plasmid using isothermal
assembly and E. coli were transformed and grown on plates containing 50 μg/ml kanamycin. Colony verification was
performed by PCR.

Phenotypic Assays: Genes were electroporated into electrocompetent M. smegmatis. Three colonies/gene were tested
for cytotoxicity and two/gene were tested for defense.
Bacterial Two-Hybrid: Selected cytotoxic genes were cloned into p2Ha plasmids by restriction digestion and ligation,
and transformed into E coli. Clone-verified colonies were used to prepare purified plasmid stock. These will be used to
electroporate M. smegmatis in order to investigate phage-host PPIs.
Note: We followed the SEA-GENES protocols for these experiments (SEA-GENES Protocol Handbook). The simplified
workflow is summarized above.

